The COVID-19 pandemic has emerged as an unprecedented global health crisis. Although the extent of the ramifications is still to be established, it is evident that it will have a major impact on global trade in the immediate as well as distant future ^[@ref-1]^. The supply chain of global pharmaceuticals is likely to be interrupted, and the impact on global access to medicine, particularly in low-and middle-income countries (LMICs), will have dramatic consequences.

In 2018--19, India exported nearly \$19 billion worth of pharmaceuticals to more than 200 countries, from the highly regulated markets of North America and Europe to countries with limited pharmaceutical industry capacity such as most of sub-Saharan Africa (SSA) ^[@ref-2]^. The Indian Department of Pharmaceuticals reports that formulations and biologicals account for 77% of the total Indian exports and Indian firms provide 20% of the global supply of generics ^[@ref-3]^.

Indian firms thus meet 40% of the generic demand in the US and a quarter of that of Europe ^[@ref-4],\ [@ref-5]^. India accounts for 12% of all manufacturing sites catering to the US market, and 50 Indian firms have a combined abbreviated new drug application (ANDA) market authorization for over 5000 medical products. Similarly, India has 622 sites approved by the European Union and nearly 1700 products with market authorization from the UK Medicines Healthcare Regulatory Agency ^[@ref-6]^. Overall, SSA imports nearly 70% of its pharmaceutical needs ^[@ref-7]^, and India was also the single largest supplier of medicines to Africa in 2018, accounting for a fifth of its pharmaceutical imports ^[@ref-8]^.

Indian firms import almost 70% of their bulk drugs from China, where the production of active pharmaceutical ingredients (APIs) and supply chain logistics have taken a big hit due to the novel coronavirus outbreak ^[@ref-9]^. At the same time, the Indian government has restricted the export of 26 bulk drugs and their formulations ^[@ref-10]^, including several products part of the World Health Organization (WHO) essential medicine list, e.g. antibiotics such as clindamycin, erythromycin, chloramphenicol, one antiretroviral acyclovir, which in total account for 10% of all Indian exports according to Reuters ^[@ref-11]^. India's production capacity, as well as its export potential, are in other words, already impacting pharmaceutical access in a significant manner.

Furthermore, Indian manufacturers represent 67% (379) of the 563 WHO prequalified pharmaceutical products for a range of conditions such as diarrhoea (1), hepatitis (13), HIV/AIDS (197), influenza (10), malaria (41), neglected tropical diseases (3), reproductive health (21), and tuberculosis (93). A total of 130 of these products are dependent on APIs sourced from China. Besides, 15 Chinese firms are also manufacturing 42 WHO prequalified products ^[@ref-12]^.

Undoubtedly, the most vulnerable to the shock of the destabilization of the Indian industry will be the institutional markets for medicines in LMICs. Indian firms indeed account for over 90% of the antiretroviral (ARV) procurement in LMICs funded through donor procurement ^[@ref-13]^. Two-thirds of the medicines used by important global health players like Médecins Sans Frontières (MSF) to treat HIV, tuberculosis and malaria are generics sourced from India, as well as are treatments for some neglected tropical diseases ^[@ref-14]^. Likewise, 70% of the supply of pentavalent vaccines to UNICEF is dependent on the supply by Indian firms ^[@ref-15]^, while a single eligible Indian firm 'Serum Institute of India' supplies the measles vaccine for the Gavi program ^[@ref-16]^.

In the context of the COVID-19 pandemic, global reliance on Indian generics is likely to become a complex international challenge. There are no reliable substitutes for API supplies, nor production capacity available, and more importantly, any country potentially capable of establishing manufacture is likely to focus on national needs and not on export nor development aid.

Mitigation and control of the outbreak of COVID-19 in India are thus of paramount importance not only to India but to the world. Its capacity to import raw materials, manufacture and export medicines will not only determine how the majority of LMICs will be able to respond to the outbreak but will also affect high-income countries. As a major component of the Indian economy, the state of its pharmaceutical industry will also determine the impact of the pandemic on one-fifth of the world's population. Historically, India has shown commitment at the highest level to ensure the health of millions around the world with a dynamic and resilient pharmaceutical industry. Exceptional measures should be taken in order to support and maintain the operationality of the production plants.

Governments and international organizations who depend on India for their supplies should look beyond their individual demands and support the Indian pharmaceutical supply chain. There is a need to look at contingency plans to assure access to APIs and medicines globally. It is expected that in a few months, diagnostic tools, medicines and vaccines will be approved by medicine regulatory agencies to diagnose, treat and prevent COVID-19 infections. Production at a large scale of those pharmaceutical goods will require the full support of the entire global pharmaceutical industry. Considering the production capability of Indian firms, their engagement will be critical for the rest of the world as well as India to return to some sort of normality post pandemic.
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Version 1

The article highlights the major role of India in supplying medicines to the world, relatively well-known to those who specialised in this area of research, but less to the wider world. It is important to have this message at the time of a global pandemic.

The data on the significance of India's pharmaceutical imports in Africa -- that India contributes one-fifth of its pharmaceutical imports -- to some extent underestimates its significance because it is a value number rather than a volume number. More broadly, because of its role supplying generic medicines, which are usually lower-cost, India's significance is most prominent in volume terms.

There are two slightly different dynamics that need to be considered vis-à-vis COVID-19 and India's pharmaceutical industry: 1) the wider impact on the general supply of medical products from India (and maintaining that during the lockdown); 2) India's role as a supplier of potential COVID-19 treatments (e.g. drugs) or of vaccines to prevent COVID-19 infection.

The focus of this piece is more on the former, partly reflecting the time the article was written and the major concerns during the initial weeks of the spread of the COVID-19 crisis and India's lockdown. Most Indian pharmaceutical firms have managed to maintain production during lockdown, albeit at reduced levels. Many of the initial export restrictions placed in India, although subject to considerable media attention beyond India especially, were relatively short-lived. Companies with pre-existing advanced market commitments were quickly issued with exemptions from the export bans.

The second aspect -- related specifically to COVID-19 treatments - is also a crucial aspect of why "Indian generics matter for the world" ^[@rep-ref-63973-1]^ but is only briefly touched on in the latter part of this article. In the just over two months now since this article was originally published, and as Indian companies have managed to maintain some level of production during lockdown, this latter aspect has become especially significant.

Considerable contestation and international attention has surrounded India's role in supplying hydroxychloroquine, Remdesevir and a potential vaccine. This aspect is especially important in the need for continued attention to India's pharmaceutical industry during the pandemic, and is why key stakeholders from elsewhere may need to collaborate with India. For example, Serum Institute is already involved in manufacturing the vaccine candidate being developed at Oxford University which AstraZeneca has a license for, while Gilead has issued licenses to a number of companies in India to produce Remdesevir. A tension between globalisation and nationalism is thus likely to continue to be a key aspect of the Covid-19 response.
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The authors draw on secondary data from international institutions and recent research in economics (2016-2020) to highlight the role of India as a major global supplier of pharmaceuticals, particularly to low-and middle-income countries. Writing amid the Covid-19 pandemic, they argue that the disruption of pharmaceutical supply chains due to increases in demand and restrictions on the trade of certain products (e.g. export ban on 26 bulk drugs and formulations manufactured in India) is a major threat to global health and plead for adequate political intervention for the maintenance of a smooth international trade. The article is well documented, written clearly and concisely, and borrows on diversified and reliable data sources to provide figures that are very relevant and significative.

This article is essential in that it evaluates the importance of India as a global supplier of pharmaceuticals at a time when rigorous data are needed to adequately inform emergency public policies which are too often shaped around political and nationalistic considerations, without looking at the scientific evidence. However, the argument would have likely been stronger if the authors had researched into the products required to fight Covid-19 (e.g. 6-digits level trade data from the UN Comtrade based on the Harmonized System of the World Customs Organization). Although we would have appreciated more attention to the specificities of the pharmaceutical products produced in India, the authors do stress that India's role is more prevalent in the manufacturing of generic formulations and highlight their dependence on Chinese bulk drugs. In that regard, it would also have been precious to rapidly compare the role of other countries in the global supply of pharmaceuticals like China or Brazil to highlight India\'s particularities more sharply.

Although this is not specified in the article, we assume that the main recommendation of the authors on the need to ensure the continuity of international supply chains is meant on a short-term basis, to deal with the immediate aftermath Covid-19 pandemic. We, however, miss here a more specific set of recommendations to achieve this objective, i.e. what is meant by the "full support of the entire global pharmaceutical industry". It would also have been interesting to discuss whether the current pharmaceutical supply systems, in which countries and firms are increasingly made interdependent, should be modified to ensure more national self-reliance on the long run (e.g. through higher custom duties or incentives to relocate manufacturing units). 

But all-in-all, this article accurately emphasizes the important role of India in global access to health and can be authoritative as a reference for future research and policies on pharmaceutical supply chains.
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This article aims to highlight the importance of the Indian pharmaceutical industry for the global pharmaceutical supply chain and the important role it will play in developing therapeutic goods for COVID-19. I offer the following suggestions for further refinement of the paper.

**Comment 1**: The authors state that India supplies 20% of the worlds global supply of generics. They then state that India provides 40% of supply in the US and 25% in Europe, 70% in sub-Sahara Africa, and 20% in Africa. From these figures it would appear that India provides more than 20% of the global supply. Could these figures be reconciled?

**Comment 2**: While the emphasis in this article is about the critical role the Indian pharma industry plays in the global supply of medicines, one key lesson from the COVID-19 crisis is that there is a strong need to diversify supply chains, rather than falling back into pre-existing \"critical\" dependencies. This applies both to supply of APIs and manufacturing.   

**Comment 3**: The authors mention 26 bulk drugs account for 10% of all Indian exports. However it is actually 10% of all *pharmaceutical* exports. 

**Comment 4:** It makes more sense to say Indian pharmaceutical companies \"manufacture\" or \"export\" 67% of WHO prequalified products, rather than \"represent 67%\" of these products.

**Comment 5**: In the last paragraph the authors state \"Governments and international organizations who depend on India for their supplies should look beyond their individual demands and support the Indian pharmaceutical supply chain\". I am not sure what demands are being referred to - could the authors elaborate?

**Comment 6**: I am not sure whether the fact that India accounts for 20% of the current global supply of generics translates into their engagement being \"critical for the rest of the world\[\'s\]\" future response to COVID-19 as the authors conclude. Other countries clearly have capacity to produce generics (and are currently producing 80% worth), so how the race to fulfil demand plays out is yet to be seen. 

**Comment 7**: Given the clear reliance by what the authors call \"institutional markets\" on the Indian industry, perhaps the focus of the paper should be on these markets? This would be more convincing to me. For instance, in the conclusion the authors could note that since a majority of donor procured medicines used to treat HIV, tuberculosis, malaria and other tropical diseases in LMICs countries are supplied by India, it makes sense that India will play a *critical* role in supporting any COVID-19 response in these countries.
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The opinion article is well written and extremely documented, and the statements well supported by figures and data. It aims at giving a voice to Low-and-Middle Income Countries (LMICs) which are both affected by COVID-19, but also are going to be hit hard by the supply chain disruption in India. 

India and the rest of the world rely heavily on drugs, mostly generics, and vaccines manufactured in India. India is the main manufacturer of vaccines for UNICEF and of WHO prequalified medicines, i.e. those needed to respond to the major disease burden of LMICs. India itself depends on China, which produces about 80% of its APIs and has already been severely affected by COVID-19 as of December 2019. The pandemic is now affecting India. India is reacting like many countries by protecting its own and putting an export ban on many essential medicines. The disruption of the supply chain will impact LMICs, as they have no or very limited capacity and capability to manufacture and certainly to compensate swiftly. They cannot compete to procure drugs if prices are increased.

There is a need for global cooperation and rapid action to maintain the supply chain from India towards LMICs.

**Is the topic of the opinion article discussed accurately in the context of the current literature?**

Yes the article provides extensive evidence of what is the supply chain and its interdependencies. It clearly identifies the high level of dependence on India (and China) by LMICs. 

**Are all factual statements correct and adequately supported by citations?**

The authors highlight the complexity of the relation between China and India and the high dependency on Indian manufacturers for essential medicines for LMICs. All references are recent (2016-2020).

**Are arguments sufficiently supported by evidence from the published literature?**

In order to mitigate the risk of supply disruption, it would be good to recall some of the factors contributing to the world's dependency on India and China in LMICs as well as HMICs (for example 80% of EU medicines are manufactured in either India or China). Such dependency has increased dramatically over the years, due to both countries' investments in pharmaceutical business and competitiveness, resulting in much lower costs of medicines. Low cost was always hailed as a success, as it allows accessible and affordable medicines in LMICs. What was overlooked was the dependency and its potential consequences in case of severe disruptions of the whole of India, China or both, which could have been predicted from any viral pandemic. Causes are not the focus of this opinion, but this vulnerability will remain. The reasons for low costs would require a specific analysis (e.g. competitiveness, patent laws, state subsidies, economy of scale, social and environmental aspects) and would justify a separate article.

**Are the conclusions drawn balanced and justified on the basis of the presented arguments?**

The conclusion is very clear and in line with the arguments. It is however quite general, stopping short of making proposals on how to mitigate the risks of supply chain disruption for LMICs. For example, to ensure equitable supply of limited production, which neutral body or international organisation(s), should or could take the lead? When a large proportion of the world including India is in lock-down, the countries' economies are hard hit or even crashing, without a vaccine immediately available to limit the spread, it will take more than goodwill to reverse the national priority or protection approaches (in India and elsewhere), and to ensure international collaboration towards equitable supply. Some ideas should be added to the conclusion.
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